Background: Uterine leiomyomata (also known as fibroids) are benign tumors of uterine smooth muscle that are characterized by overproduction of extracellular matrix. Fibroids are the leading indication for hysterectomy in the United States. the active metabolite of vitamin D has been shown to inhibit cell proliferation and extracellular matrix production in fibroid tissue culture and to reduce fibroid volume in the eker rat. no previous study has examined whether vitamin D is related to fibroid status in women. Methods: the national institute of environmental Health Sciences Uterine Fibroid Study enrolled randomly selected 35-to 49-year-old women who were members of an urban health plan during 1996-1999. Fibroid status was determined by ultrasound screening of premenopausal women (620 blacks, 416 whites). Vitamin D status was assessed in stored plasma by radioimmunoassay of 25-hydroxyvitamin D (25(OH)D) and questionnaire data on sun exposure. associations were evaluated with logistic regression, controlling for potential confounders. Results: Only 10% of blacks and 50% of whites had levels of 25(OH)D regarded as sufficient (>20 ng/ml). Women with sufficient vitamin D had an estimated 32% lower odds of fibroids compared with those with vitamin D insufficiency (adjusted odds ratio [aOr] = 0.68, 95% confidence interval [ci] = 0.48-0.96). the association was similar for blacks and whites. Self-reported sun exposure ≥1 hour per day (weather permitting) was also associated with reduced odds of fibroids (aOr = 06. [0.4-0.9]), with no evidence of heterogeneity by ethnicity. Conclusions: the consistency of findings for questionnaire and biomarker data, the similar patterns seen in blacks and whites, and the biological plausibility provide evidence that sufficient vitamin D is associated with a reduced risk of uterine fibroids.
L eiomyomata (fibroids) are benign tumors that develop in the uterine muscle of premenopausal women. the most common symptoms are pain and bleeding with associated anemia. 1 although fibroids are hormonally dependent, factors that stimulate development are largely unknown. 2, 3 Fibroids are the leading indication for hysterectomy in the United States, 4 and costs exceed 6 billion dollars annually. 5 there is marked racial/ethnic disparity; blacks have earlier onset, 6 higher incidence, 7 experience more severe symptoms, 8 present with larger tumors, 8 and have a three-fold higher risk of hysterectomy compared with whites. 9 Maintenance of sufficient vitamin D levels has been associated with reduced risk of all-cause mortality and chronic diseases, including cardiovascular disease, diabetes, colon cancer, and possibly other cancers, as well as specific autoimmune conditions including multiple sclerosis. 10 Functional effects of vitamin D include reduced cell proliferation, increased apoptosis, enhanced differentiation, and regulation of biological processes including angiogenesis, extracellular matrix production, and immune response.
11,12 the pathogenesis of fibroids has been hypothesized to involve a positive feedback loop between extracellular matrix production and cell proliferation, 13 and vitamin D might act to block the positive feedback. laboratory studies of fibroid tissue in culture that has been treated with calcitriol, the active form of vitamin D (1,25(OH) 2 D), demonstrate reduction in cell proliferation and extracellular matrix production. Studies in the eker rat, an animal model for fibroids, show that treatment with calcitriol limits fibroid growth in vivo. 14 However, there has been no previous investigation of vitamin D and fibroids in humans.
national data show that vitamin D deficiency is common for premenopausal women in the United States, especially blacks. 15 Most vitamin D is formed in the skin in response to sun exposure, and skin pigment reduces production. it is possible that low vitamin D status could increase susceptibility to fibroids. We investigated the relationship between vitamin D status and prevalence of fibroids in a randomly selected sample of premenopausal black and white women who were systematically screened for fibroids with ultrasound.
METHODS
the national institute of environmental Health Sciences (nieHS) Uterine Fibroid Study was conducted within a large health plan in Washington, Dc. enrollment occurred from 1996 to 1999, and methods have been described. 7, 16 Briefly, randomly selected health plan members, age 35-49 years, were contacted, and 80% of those found to be eligible participated. the research was approved by the institutional review Boards at nieHS and george Washington University, and participants gave informed consent. Premenopausal women were screened for fibroids with ultrasound and blood was drawn, processed, and stored at −80°c. the current analysis is limited to 1036 premenopausal women who self-identified as black or white (Figure 1 ).
Fibroids were diagnosed with transvaginal and transabdominal ultrasound screening (transabdominal allows for visualization of pedunculated fibroids that are not likely to be seen transvaginally). Masses of 0.5 cm in diameter and larger qualified as fibroids. experienced sonographers were trained on the study protocol and worked under the direct supervision of one of the authors (M.c.H.), a radiologist with expertise in ultrasound. Participants who had recently undergone an ultrasound examination at the clinic for clinical purposes (16%) were not asked to repeat an examination for the study. For these women, data on the presence of fibroids and size of largest were abstracted from the clinic radiology reports. in addition, 14 women had had a prior uterine surgery, and we abstracted fibroid status data from pathology records for these women. For 50 participants who did not complete ultrasound screening examinations, and for one woman whose examination was indeterminate, we accepted their self-report of a prior diagnosis. Statistical analyses were repeated without these 51 women, and results were essentially unchanged. Women who had not been previously diagnosed with fibroids and who did not complete the ultrasound examination were excluded from analyses ( Figure 1) 3 . the laboratory has participated in and been certified by the international Vitamin D external Quality assessment Scheme survey for the past 12 years. thirty blinded controls were distributed among the eight assay batches. intra-and interassay coefficients of variation based on the blind replicates were 7.6% and 10.6%, respectively. Second, we examined a measure of sun exposure. Women were asked at study enrollment, "On average, weather permitting, how many hours each day do you spend out of doors?" categories were <1 hour per day, 1 hour per day, and >1 hour per day.
the association between vitamin D status and fibroids was evaluated using multiple logistic regression, with a priori control for other risk factors identified in prior analyses of this study population (ethnicity, age [ 16 the analyses were conducted with the total sample and for blacks and whites separately. We also examined associations by size of fibroid, using polytomous logistic regression with a three-category outcome (no fibroids, small <4 cm diameter, and large ≥4 cm diameter). given limited numbers, size of fibroid was examined only in the total data set. 25(OH)D was examined as a linear term and in 5-ng/ml categories to visually assess linearity. the assumption of linearity was evaluated by akaike's information criterion. 25(OH)D was also dichotomized based on a 2007 consensus workshop report that defined "minimally sufficient levels" as greater than 20 ng/ml. 20 linear regression was used to test for differences between blacks and whites in 25(OH)D concentrations after log transforming the data to improve normality. Possible differences by ethnic group in the association of the vitamin D variables with fibroids were evaluated by adding interaction terms (vitamin D variable by ethnicity) to multivariate models.
Sensitivity analyses to assess affects of variations in fibroid determinations that affected a small proportion of participants (eg, fibroids determined only on the bases of selfreport) did not affect results in any substantial way. Sensitivity analysis were also conducted to evaluate (1) the effect of dropping physical activity from the multivariate models (because including it may overcontrol for confounding) and (2) the effect of season (although season would not be expected to affect associations because it would be unrelated to fibroid status). a final sensitivity analysis was conducted to assess possible reverse causation that might arise if women with major fibroid symptoms of pain and bleeding curtailed their activities in ways that limited time outside or reduced their supplement use and thus resulted in reductions in 25(OH)D. associations between vitamin D variables and fibroids were assessed after excluding women who reported frequent gushing bleeding or pelvic pain more than 4 days a month that interfered "a lot" with normal activities. all analyses were conducted using SaS 9.1 (SaS institute, cary, nc).
RESULTS
characteristics of the 1,036 black and white study participants are shown in table 1. eighty percent reported spending at least an hour per day outside in good weather, our measure of medium to high sun exposure. Only 26% had sufficient circulating 25(OH)D (>20 ng/ml), the biomarker for vitamin D status. the mean 25(OH)D was 14.6 ng/ml ± (standard error of the mean, 0.3), and levels were substantially lower in blacks than whites (10.4 ng/ml ± 0.3 and 20.7 ng/ml ± 0.4, respectively, P < 0. (Figure 2 ), and again there was no evidence that the association differed between the two ethnic groups (P = 0.53). Our measure of sun exposure (time spent outside) was also inversely associated with fibroid prevalence. Both medium and high sun exposure showed the same reduction in adjusted odds of fibroids relative to low sun exposure (40% reduction in adjusted odds of fibroids relative to low sun exposure (aOr = 0.6 [0.4-0.9]) (table 2). this differed little from the simple age-ethnicity-adjusted Ors (0.6 and 0.5 for medium and high exposure, respectively). the inverse association was seen for both blacks and whites (table 2). although the estimate was stronger for blacks than whites, there was no statistical evidence for heterogeneity by ethnicity (P = 0.34). Using data for the total sample, we also examined sun exposure in relation to fibroid size and found similar effects, although slightly stronger for large fibroids than for small fibroids (aOr = 0. Sensitivity analyses to include adjustment for season showed nearly identical associations as the analysis without season. We evaluated the influence of dropping physical activity as a confounder because physical activity often takes place outside, and so adjusting for it may overcontrol when analyzing vitamin D status. the associations for 25(OH)D and sun exposure with fibroids were slightly stronger when not adjusting for physical activity. each of the reductions in odds of fibroids was approximately 3% greater with no adjustment for physical activity. We also carried out sensitivity analyses to examine possible reverse causation that might arise from women curtailing their activities because of the symptoms. after excluding the 93 women who reported major symptoms of bleeding or pain, the aOrs changed very little (aOr for sufficient 25(OH)D changed from 0.68 to 0.72, and the aOrs for the medium and high sun exposure categories remained at 0.6).
DISCUSSION
During the past decade, vitamin D has been found to have numerous functions other than calcium homeostasis and bone health. 11, 21, 22 it may protect against adverse health outcomes including all-cause mortality, cardiovascular disease, colorectal and breast cancer (and possibly other cancers), autoimmune disease, infections, and pregnancy problems. 23, 24 Data from the nieHS Uterine Fibroid Study suggest that vitamin D might also be inversely associated with uterine fibroid development. Both our direct measure of vitamin D status (circulating 25(OH)D) and time outside showed inverse associations with fibroid prevalence, and the associations in blacks and whites were similar. reductions in odds were similar for small and large fibroids. if the associations of our vitamin D variables had been only with When sample size for a single fiveunit category was small, adjacent categories were combined and plotted at the mean value for the combined category, for example, the last aOR plotted for the total sample is for the combined group of women with 25(OH)D >30 ng/ml, plotted at the mean for the category, 34.8 ng/ml. All analyses adjusted for age, age of menarche, full-term pregnancies after age 24 years, body mass index, and physical activity. Analyses shown in the top panel (total sample) also adjust for ethnicity. large fibroids, this would have suggested the possibility of stronger effects on tumor growth than on tumor initiation, but the inverse associations for both large and small fibroids suggest that both initiation and growth might be inhibited.
Our findings are consistent with data showing a protective effect of treatment with calcitriol on fibroids in the eker rat, 25 an animal model of fibroids. in addition, calcitriol treatment of human uterine fibroid tissue in laboratory culture reduces cell proliferation 26, 27 and inhibits molecular pathways for fibrosis. 28 laboratory studies of vascular and airway smooth muscle show similar antiproliferative responses to calcitriol, 29, 30 and the antifibrotic effects have also been observed in the kidney. 31 For most people, the major source of vitamin D is skin production by exposure to sunlight.
11 the conversion of 7-dehydrocholesterol by ultraviolet radiation with subsequent isomerization to vitamin D is slowed by skin pigment. thus, greater skin pigmentation tends to be associated with lower vitamin D status. the liver enzyme, vitamin D-25-hydroxylase, converts vitamin D to the major circulating metabolite, 25(OH)D, which is then metabolized in the kidney to the active metabolite, calcitriol. extrarenal production of calcitriol likely occurs in many tissues as evidenced by wide spread expression of the enzyme producing calcitriol (cYP27B1) (eg, colon, breast, monocytes and macrophages, cervical tissue, uterine endometrium, and placenta). 16, [32] [33] [34] [35] to our knowledge, myometrial tissue and fibroid tissue have not been evaluated for cYP27B1 activity, but both myometrium and fibroid tissue express the vitamin D receptor. 26 the accepted biomarker of vitamin D status is circulating levels of 25(OH)D. 11 We measured 25(OH)D with a Food and Drug administration-approved ria conducted by an experienced investigator (coauthor BaH). there is no agreed-upon standard for sufficient levels of 25(OH)D, but we used >20 ng/ml, the value considered to be a minimum adequate concentration in a 2007 workshop consensus report. 20 By this standard, the majority of our participants had insufficient vitamin D. the average 25(OH)D levels in a 2003-2006 national sample of reproductive-age women was higher than in our study population (24.1 vs. 14.6 ng/ml), based on a similar ria. 15 Our samples were collected in 1996-1999, when there was less interest in vitamin D supplementation.
However, levels similar to ours were recently reported for a sample of black and white women (age 18-45 years). 36 as in our study, 25(OH)D levels for black women were low in both the national sample and the more recent study (78% and 98% with insufficient levels, respectively).
circulating 25(OH)D has both strengths and limitations as a biomarker. it integrates vitamin D from sun, food, and supplements, but its half-life in blood is only about 15 days. 37 thus, as in the cancer studies that have used this biomarker to assess vitamin D status, there is the assumption that each person's level tends to remain stable over time relative to other members of the study population. large studies that have measured 25(OH)D in the same person over time suggest that those who are low (or high) at baseline tend to remain low (or high) during multiyear follow-up. [38] [39] [40] [41] [42] However, some within-person variation is seen even when measurements are only 2-3 weeks apart, 43 and variation tends to increase with time between measurements. Only one study has reported on variation in black women, and most women in that sample were postmenopausal. 42 the questionnaire data on sun exposure provided a separate estimate of vitamin D status. this measure of vitamin D status reflects long-term estimates if women's behavior remains relatively stable over time. to our knowledge, the within-person stability from year to year has not been evaluated. However, reliability and validity of self-report are suggested by a study that reported moderate to high kappa statistics for repeat measures of self-reported lifetime sun exposure (reliability) and significant association between the self-report and skin damage (validity). 44 Our data on sun exposure were based on a single, simple question. there appeared to be a threshold with a similar inverse effect for one or more hours per day spent outside. More information on time of day outside, usual clothing, sun versus shade activities, sunscreen use, skin color, and winter sun vacations would provide improved exposure estimates. 45 Dietary sources of vitamin D are limited, 11 but detailed information on supplement use would be informative. these more detailed assessments should be used in future studies. a major strength of our study was that we screened women for fibroids with ultrasound to limit disease misclassification in the noncases, a methodologic improvement over other fibroid studies. However, as in other studies, time of disease onset is unknown. ideally, vitamin D status would be assessed before disease onset, but this would require periodic ultrasound screening to document the time of disease onset. Such intensive disease surveillance has not been done for fibroids. although reverse causation is always an issue with cross-sectional data, we are unaware of fibroid-related physiological changes that would reduce 25(OH)D levels. in addition, the sensitivity analyses we conducted to examine reverse causation possibly resulting from behavioral changes in women with major symptoms indicated that our results cannot be explained by this bias. in summary, we found an inverse association between vitamin D exposure and fibroid prevalence. the consistency of findings for questionnaire and biomarker data, the similar patterns seen in blacks and whites, and the biological plausibility provide evidence for a possible causal relationship between sufficient vitamin D and reduced risk of fibroids that needs further investigation.
